Supplementary Materials and Methods
Human OA cartilage and experimental OA in mice Human OA cartilage was sourced from individuals undergoing arthroplasty. ZIP8 (Ad-Zip8), MTF1 (Ad-Mtf1), HIF-2α (Ad-Epas1), or NAMPT (Ad-Nampt).
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Mice were sacrificed 6 or 8 weeks after DMM and 3 or 8 weeks after the first IA injection for histological and biochemical analyses. Human OA cartilage sections were stained with alcian blue. Cartilage destruction in mice was examined using safranin-O staining and scored using the OARSI grading system.
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Histology and immunohistochemistry
Human OA cartilage was frozen, sectioned into 10-μm-thick slices, and fixed in paraformaldehyde. Sulfate proteoglycan was detected with alcian blue staining. Cartilage destruction in mice was examined by safranin-O and hematoxylin staining. 7, 41, 42 articular chondrocytes from WT or Mt1/Mt2 double KO mice or chondrocytes infected with Ad-Mt1, Ad-Mt2, Ad-Mtf1, or Ad-Zip8 for 24 hours, and subjected to a microarray analysis using Affymetrix GeneChip Mouse Gene 2.0 ST Array (Affymetrix, Santa Clara, CA, USA), as described by the manufacturer.
Transcription factor arrays
Transcription factor array analyses were performed using a Cignal 45-Pathway Reporter Array (Qiagen, Hilden, Germany) . Briefly, articular chondrocytes plated on 96-well plates were transfected with reporter constructs reconstituted from the kit using Attractene (Qiagen).
Transfected cells were infected with either Ad-C or Ad-Mt2 for 2 hours. After incubating cells for an additional 36 hours, firefly luciferase and Renilla luciferase activities were measured using a Dual-Glo Luciferase Assay System (Promega, Madison, WI, USA). Firefly luciferase activity was expressed relative to that of Renilla luciferase to normalize for transfection efficiency.
Reporter gene assay
The previously described SOX9-dependent Col2a1 enhancer elements reporter construct was a kind gift from Veronique Lefebvre of the Cleveland Clinic, Cleveland. 42, 43 Chondrocytes were treated with hyaluronidase type I-S (4 units/ml) for 3 hours under serum-free conditions, and transfected with both a reporter vector (1.0 μg) and a constitutive Renilla luciferase vector (0.1 μg) using lipofectamine 2000 (Invitrogen Corp., Carlsbad, CA, USA). Transfected cells were cultured for 36 hours prior to assaying luciferase activity. Reporter gene activity was measured using a Dual Luciferase Assay Kit (Promega).
RT-PCR, qRT-PCR, and siRNA
Total RNA was extracted from primary cultured mouse chondrocytes using the TRI reagent (Molecular Research Center Inc., Cincinnati, OH, USA). The RNA was reverse transcribed, and the resulting cDNA was amplified by PCR. PCR primers are summarized in Table S1 .
Transcript levels were quantified by qRT-PCR. siRNAs targeting Mt1, Mt2, Zip8, Mtf1, Epas1,  and Nampt were obtained from GE Dharmacon (Lafayette, CO, USA); nontargeting (scrambled) siRNA was used as a negative control. Chondrocytes were transfected by incubating for 6 hours with siRNA and Lipofectamine 2000 (Invitrogen Corp.), as described by the manufacturer, and infected with adenoviruses as described above.
Western blotting
Total cell lysates were prepared in lysis buffer (150 mM NaCl, 1% NP-40, 50 mM Tris, 0.2% sodium dodecyl sulfate [SDS] , 5 mM NaF) and used to detect MT1/MT2, MTF1, SOX9, COL2A1 (collagen type II alpha 1), aggrecan, and ERK1 (extracellular signal-regulated kinase-1). Secreted proteins (MMP3, MMP13, and ADAMTS5) were detected after trichloroacetic acid (TCA) precipitation from 900 µl of serum-free conditioned medium. For the detection of ZIP8, the cell pellet was resuspended using loading buffer containing the anionic denaturing 
Statistical analysis
For cell-based in vitro studies, each independent experiment was conducted using primary cultured articular chondrocytes derived from a set of littermates. Normal distribution of acquired data was confirmed using the Shapiro-Wilk test. A two-tailed Student's t-test with unequal sample sizes and variances and two-way analysis of variance (ANOVA) with post-hoc tests (LSD) were used for pair-wise comparisons and multi-comparisons, respectively.
Significance was accepted at the 0.05 level of probability (P < 0.05). For animal-based in vivo experiments, each independent trial was conducted using an individual mouse. For each animal, at least three slides spanning the medial tibial plateaus in knee joints were used for histological analysis. The most advanced lesion in these serial sections of medial tibial plateaus was selected for further data quantification. Cartilage destruction and synovitis were scored based on OARSI grade, a discrete grading system. Data collected from laboratory experiments on mice were analyzed using the non-parametric Mann-Whitney U test. Figure S4 . MT2 overexpression in joint tissues promotes OA pathogenesis in mice independently of the zinc-ZIP8-MTF1 axis. (A) Ad-C or Ad-Mt2 (1 × 10 9 PFU) was IA-injected into WT, cartilage-specific Zip8 cKO or
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